SUMMARY The aetiology of acute gastroenteritis was studied in 50 infants and young children.
In the first years of life children in India have an average of 5 to 6 episodes of diarrhoea a year (Kamath et al., 1969) . Diarrhoea is more prevalent in infants who are artificially fed, in those of lower socioeconomic status, and in those who are malnourished. The morbidity and mortality of gastrointestinal disease is also greater in malnourished than in well nourished infants (Jadhav, 1965; James, 1972) . For these reasons childhood diarrhoea is a major public health problem in developing countries.
In the most carefully conducted studies of acute gastroenteritis in different parts of the world, bacterial pathogens have been isolated in less than 30% of the children (Prakash et al., 1963; Cramblet and Siewers, 1965; Moffet, et al., 1968; Bhat et al., 1971a) . It was therefore assumed that viruses might play some part in the aetiology, but there was no clear-cut evidence to support this until Bishop et al. (1973) detected reovirus-like particles in duodenal biopsies and stools of children with acute gastroenteritis. Preliminary studies in this hospital showed the presence of this virus in the stools of some children with acute enteritis . Our study was undertaken in an attempt to determine the relative roles of bacterial and viral agents in the acute diarrhoeas of childhood in southern India.
Materials and methods
Fifty children with acute gastroenteritis were studied Received 27 September 1976 from July 1974 to July 1975. All the children were below 2 years of age and had acute diarrhoea of less than 5 days' duration. Diarrhoea was defined as the passage of 3 or more stools of altered consistency. Infants under 30 days of age, children passing blood and mucus in the stools, and those who had had prior treatment were excluded.
In each case the history and physical examination, including the clinical assessment of the degree of dehydration, were recorded by the same observer (P.P.M.). Children with marked loss of tissue turgor, oliguria, or anuria of 12-24 hours' duration, with evidence of peripheral circulatory failure were classified as severely dehydrated (10% dehydration), and those with mild loss of tissue turgor, without peripheral circulatory collapse, or oliguria as mildly dehydrated (5 % dehydration).
Infants with dehydration were treated with standard parental fluid therapy. The fluid deficit was corrected in 6 hours with Hartman-Ringer lactate, 50 ml/kg and 100 ml/kg, respectively, for children with 5 and 10% dehydration. Maintenance therapy with 1/5 Hartman-Ringer lactate with 5% dextrose was given at 100 ml/kg over the next 18 hours and on subsequent days as necessary. Potassium chloride 0 75 g was added to each 250 ml of maintenance fluid. When acidotic breathing was present, 4 ml/kg 8 4% sodium bicarbonate was also administered. Oral feeding was started within 24-48 hours of admission, with electrolyte solutions and increasing strengths of milk.
Thirty infants and children of the same age and socioeconomic status as the patients were studied as controls, with the informed consent of their 482 parents. All were in apparent good health, had no gastrointestinal symptoms, and had not received antibiotics.
Standard methods were used for the isolation and identification of bacterial pathogens Bhat and Rajan, 1975) . In brief, fresh stool samples were inoculated on the MacConkey agar (MA), desoxycholate citrate agar (DCA), bismuth sulphite agar (BSA), xylose lysine desoxycholate medium (XLD), Salmonella-Shigella agar (SSA), thiosulphate citrate bile salt sucrose agar (TCBS), blood agar (BA), selenite enrichment broth (SF) , and peptone water with 3 % sodium chloride (PW). After overnight incubation SF was subcultured on to SSA to look for Yersinia enterocolitica (Asakawa et al., 1973) , and PW was subcultured onto TCBS to isolate Vibrio parahaemolyticus (LeClair et al., 1970) . All cultureswere incubated at37°C aerobically. BA, MA, XLD, and TCBS were examined after overnight incubation and the rest of the plates after overnight as well as after 48 hours' incubation.
Suspicious-looking colonies from MA, XLD, DCA, SSA, BSA, and TCBS were screened biochemically and when suggestive of Salmonella, Shigella, and Vibrio cholerae were confirmed serologically. 10 serotypes (011 1 :134,055 :B5, 026 :B6 086:B7, 0127:B8, 0119:B14, 0124:B17, 0125:B15, 0126:B16, 0128:B12) were used to detect enteropathogenic E. coli (EPEC). From each specimen yielding none of these 10 EPEC, three colonies were held in nutrient agar deeps for serological identification for the presence of other serotypes such as 020, 051, and 0153, which are associated with infantile diarrhoea (Orskov et al., 1971) . These cultures were sent to Dr. B. Rowe, Salmonella and Shigella Reference Laboratory, London, for final serological identification.
Stools were initially processed for viruses by the technique of Bishop et al. (1974) , treated with trifluorotrichlorethane and a final spin through 45 % sucrose. When 10 specimens had been processed and it was confirmed that both methods gave the same detection rate of rotaviruses, the method was changed to that of Flewett et al. (1974) with the addition of filtration through a 1 2 ,um millipore filter before the final centrifugation. The deposits were negatively stained with molybdate and examined with a Philips EM 200 electron microscope.
Results

Patients.
Clinicalfeatures. Before the onset of illness 3 patients had been breast fed exclusively, in 26 breast milk was supplemented with milk feeds, and 21 were artificially fed. The majority of the artificially fed infants were receiving a 1:1 milk formula.
On admission 7 were adequately nourished, 32 were under-nourished, 11 were marasmic, and 1 had marasmic kwashiorkor (Lancet, 1970) . 32 of the children were seen within 2 days of onset of illness and the remainder within 5 days of onset. On admission all children were passing watery stools; in 6, subsequent stools contained mucus. 15 children were severely dehydrated and 24 were moderately dehydrated. 14 had metabolic acidosis with a serum bicarbonate <14 mEq/l (<14 mmol/l), and 10 had a serum potassium <4 mEq/l (<4 mmol/l).
Light microscope examination of the stools showed a bacillary exudate in 3 patients. In no case was there evidence of a parasitic cause for the diarrhoea such as amoebiasis, giardiasis, or strongyloidiasis.
Bacteriology. 33 of the 50 patients had one or more bacterial pathogens in their stools (Table) . The commonest organisms were EPEC, serotypes 026 :B6, Pseudomonas aeruginosa from 1.
Virology. Electron microscope study of the stools showed rotavirus in the stools of 13 children (Table) , all of whom were admitted between July and December 1974. 7 were febrile and 10 moderately or severly dehydrated. However, all recovered within 7 days of the onset of symptoms. 4 children who had rotavirus also had EPEC in stool culture. None of the other 9 had any pathogenic bacteria.
Virus particles other than rotavirus were seen in the stools of 10 children; adenovirus in 2, both of whom also had EPEC; enterovirus in 1, in whom no other cause was found for the diarrhoea, and coronavirus-like particles in 7 (Mathan et al., 1975 
Controls.
Clinicalfeatures. The dietary history of the controls was similar to that of the patients. As judged by weight for age (Lancet, 1970) , 20 were adequately nourished, 8 were undernourished, and 2 were marasmic. Microscopical examination of the stools showed no parasites.
Bacteriology. 6 of the children (2 aged < 6 months, 3 from 7-12 months, and 1 > 12 months) had EPEC in their stools. Their serotypes were among those isolated from the patients. Virology. No rotavirus particles were detected in any of the controls, but enterovirus particles were found in 3 and coronavirus-like particles in 5.
Discussion
Among the control children, 6 had EPEC in their stools but no diarrhoea. The presence of EPEC in apparently healthy children has been well documented, previous studies having shown that 8-12 % of apparently healthy children of this age group excrete EPEC (Feldman et al., 1970 (Bhat et al., 1971b) . In the child from whom this organism was recovered, the stool provided an almost pure culture of Providence and it is therefore likely that it caused the gastroenteritis. Thus, probable bacterial pathogens were isolated in 68%
of the children.
As expected, because of the age group under study and the fact that children who passed blood and mucus were excluded, the commonest bacterial pathogens found were pathogenic E. coli. These were diagnosed by the use of 10 standard antisera. The serotypes 021, 051, and 0153 were identified by Dr. Rowe. In our study the E. coli isolates were identified by serotyping; their enteropathogenicity therefore remains in doubt, particularly as Echeverria et al. (1976) have reported a lack of correlation between serotypes and enteropathogenicity. Screen- ing of the isolates for their ability to produce enterotoxin and invade tissue is required to establish enteropathogenicity. However, there are reports that serotypes clearly implicated in outbreaks of diarrhoea were negative for toxin production using standard models (Gross et al., 1976) . In our study the E. coli serotypes were the most predominant flora in the stool and were cultured in the majority of patients in the absence of rotavirus particles. In the control children the rate of isolation of enteropathogenic E. coli was low and the organisms were not the predominant flora in the stool. The E. coli serotypes isolated from the patients were therefore considered to be pathologically significant. The finding of rotaviruses in 26% of the cases confirms the preliminary report from this institution of the occurrence of this virus in children with gastroenteritis in India. All specimens in which rotavirus was found were obtained in the period July to December, and none during April to June when the environmental temperature is highest. Owing to circumstances beyond our control the study could not be conducted for the period January to March. An increase in the incidence of rotavirus infection in the winter months has been found by Bishop et al. (1973) and Albrey and Murphy (1976) . The reasons for this seasonal variation are not clear but are presumably related to the way the infection is spread.
At the time of admission there was no difference in the clinical presentation of the children in whom rotavirus was found, those in whom bacterial pathogens were isolated, and those in whom no cause for the diarrhoea could be determined. The children with rotavirus recovered as quickly with appropriate rehydration therapy as those excreting EPEC. It is of interest that children in whom pathogenic bacteria other than EPEC were found had a more protracted illness.
Although the numbers studied were small, if the proportion of cases of gastroenteritis in childhood caused by rotavirus is extrapolated on a national scale, approximately one-quarter of the reported 1 *4 million deaths per year in infants and children in India (India. Registrar General and Census Commissioner, 1972) are presumably due to a rotavirus infection, therefore making it a public health problem of considerable magnitude.
